Background: Methotrexate (MTX) treatment in rheumatoid arthritis (RA) has been associated with lower cardiovascular risk compared to other disease-modifying antirheumatic drugs (DMARDs). We sought to identify whether the MTX-associated cardioprotection involves changes in blood pressure (BP) and/or arterial function. Methods: Clinic and 24-hour peripheral and central systolic and diastolic BP (SBP and DBP), augmentation index (AIx), pulse wave velocity (PWV) and plasma asymmetric dimethylarginine (ADMA) were assessed in RA patients on stable treatment with either MTX ± other DMARDs (MTX group, n = 56, age 61 ± 13 years, 70% females) or other DMARDs (non-MTX group, n = 30, age 63 ± 12 years, 76% females). Measurements were performed at baseline and after 8 months. Results: After adjusting for visit, age, gender, body mass index, folic acid use and 28-joint disease activity score, the MTX group had significantly lower clinic peripheral SBP (−7.7 mmHg, 95% CI −13.2 to −2.3, p = 0.006) and DBP (−6.1 mmHg, 95% CI −9.8 to −2.4, p = 0.001) and clinic central SBP (−7.8 mmHg, 95% CI −13.1 to −2.6, p = 0.003) and DBP (−5.4 mmHg, 95% CI −9.1 to −1.6, p = 0.005) versus the non-MTX group. Furthermore, the MTX group had significantly lower 24-hour peripheral and central SBP and DBP and PWV versus the non-MTX group (p < 0.01 for all comparisons). By contrast, there were no significant between-group differences in AIx and ADMA. Conclusions: RA patients on MTX treatment had significantly lower clinic and 24-hour peripheral and central BP compared to those who did not take MTX. The lower BP with MTX may be related to differences in PWV, but not in AIx or ADMA concentrations. Further longitudinal studies including randomized controlled trials are warranted to confirm these findings, to identify other possible mechanisms responsible for the effects of MTX on BP and PWV, and to establish whether these effects might account for the reduced cardiovascular risk with MTX.
Introduction
Patients with rheumatoid arthritis (RA) are at increased risk of all-cause mortality when compared to the general population. 1 The excess cardiovascular risk in RA patients are unknown, it is postulated that the chronic systemic inflammatory state in RA favours the onset and progression of vascular damage, atherosclerosis and thrombosis. 3 These processes are associated with the presence of functional alterations of the arterial wall, such as endothelial dysfunction, increased arterial wave reflection and arterial stiffness. These alterations, which have been previously reported in RA, are attributed to an impaired endothelial synthesis of nitric oxide (NO), which in turn leads to an increase in blood pressure (BP) and cardiac afterload, left ventricular hypertrophy and cardiac dysfunction. [4] [5] [6] Furthermore, endothelial dysfunction, increased wave reflection and arterial stiffness are strong and independent predictors of adverse cardiovascular outcomes in several patient groups. [7] [8] [9] [10] Traditional risk factors are also involved in the pathophysiology of cardiovascular disease in RA. A recent systematic review and meta-analysis showed that, similarly to the general population, the presence of hypertension, diabetes, hypercholesterolaemia and obesity significantly increase the risk of myocardial infarction and stroke in this group. 11 However, epidemiological studies in RA have shown that the prevalence of hypertension is significantly higher than that of other risk factors. 12, 13 Furthermore, hypertension is the leading risk factor for the global burden of chronic disease and disability worldwide. 14 Methotrexate (MTX), an analogue of the B-vitamin folic acid, is a first-line disease-modifying antirheumatic drug (DMARD) that reduces inflammation, provides symptom control and increases survival in RA patients. 15, 16 Recent meta-analyses have shown that the use of MTX in RA and other chronic inflammatory states is associated with a significantly lower risk of cardiovascular events, including myocardial infarction. [17] [18] [19] This suggests that MTX might exhibit specific protective cardiovascular effects. 20 Although MTX targets the pro-inflammatory state in RA, it is unknown whether other mechanisms might also account for the reduced cardiovascular risk associated with its use. 15, 16 Observational studies have shown that MTX treatment is associated with a lower clinic BP and a reduced prevalence of hypertension in RA patients. [20] [21] [22] [23] However, in no previous study has a comprehensive assessment of BP (i.e. clinic peripheral, central and 24-hour BP) or markers of arterial function (i.e. endothelial function, arterial wave reflection and arterial stiffness) been performed in patient groups matched for clinical and demographic characteristics. This approach would facilitate the identification of the potential mechanisms involved in the protective cardiovascular effects of MTX.
We sought to address these issues by investigating the associations between MTX treatment, clinic and 24-hour peripheral and central BP, and markers of arterial function in a cohort of RA patients.
Methods

Study population and design
We studied a consecutive series of patients with stable RA, aged ⩾18 years, recruited from the outpatient clinics of the Rheumatology Department at Flinders Medical Centre and the Repatriation General Hospital, in the Southern Health Local Heath Network, Adelaide, Australia. RA was diagnosed according to the 1987 American College of Rheumatology or the 2010 American College of Rheumatology/European League Against Rheumatism criteria. 24 Study participants were classified as currently treated with MTX for at least 8 weeks (MTX group), or not taking MTX for at least 1 year or being MTXnaïve and treated with other synthetic and/or biologic DMARDs (non-MTX group). Exclusion criteria were atrial fibrillation, active cancer or current treatment with anti-cancer drugs, heart failure and cognitive impairment. The study (registered in the Australian New Zealand Clinical Trials Registry with the registration number ACTRN12616001366448) was approved by the Southern Adelaide Clinical Human Research Ethics Committee (Ethics Approval Number: 76.14) . Each participant gave written consent before entering the study.
This observational study of repeated cross-sectional measurements (at baseline and 8-month follow up) allows for the separation of measurement error from true measurement values, thereby effectively increasing sample size compared to a single cross-sectional assessment. Initially, clinical and demographic characteristics, BP and markers of arterial function were assessed in the complete cohort at baseline. Then, a repeat cross-sectional assessment of BP and arterial function was conducted after 8 months. Since both exposed (MTX) and non-exposed (non-MTX) study groups were identified from within the same RA patient cohort and then followed over time, any observed differences in outcome measures between the two groups are more likely to be a result of differences in MTX exposure than differences in other demographic and clinical characteristics. This repeat cross-sectional study design has been frequently used with other longitudinal cohorts including the British Doctors Study, 25 the US Nurses' Health Study 26 and the Framingham Study. 27 
Assessments
Clinical and demographic characteristics. The following data were collected from patient interviews, medical questionnaires, clinical notes and hospital administrative databases: age, gender, medical and medication history, Stanford health assessment questionnaire (HAQ), 28 pain visual analogue scale, 29 global health score, 30 weight, height, body mass index (BMI) and the 28-joint disease activity score (DAS28). 31 Biochemical parameters. High-sensitivity Creactive protein (CRP) was measured in serum by latex-enhanced immunoturbidimetry on an automated Modular PPE Analyzer using instrument conditions and reagents supplied by the manufacturer (Roche Diagnostics, Indianapolis, IN, USA). 32 Erythrocyte sedimentation rate was measured using a closed automated method, VES Matic Cube 80 (DIESSE S.p.A., Siena, Italy). 33 Measurement of red blood cells (RBCs) MTX polyglutamate concentrations (MTX-PGs), which mediate the intracellular pharmacological effects of MTX and correlate with treatment response, 34 was performed using a validated LC-MS/MS assay. Whole blood samples were centrifuged, plasma removed and cells were washed twice with phosphate-buffered saline. Packed cells were then stored at -80°C prior to analysis. Stable isotope internal standard [ 13 C 5 , 15 N, MTX-PG1-5, (M+6); Pepscan, Lelystad, the Netherlands] was added to 0.25 ml packed RBC and proteins were precipitated via the addition of 0.25 ml of 30% perchloric acid. The supernatant was removed, the pH adjusted to 5.5 and MTX-PGs were purified by solid phase extraction (Strata-X Strong Cation Exchange). The eluent was evaporated to dryness and reconstituted in 400 µl of mobile phase A (75:25 acetonitrile:water with 10 mM ammonium bicarbonate) prior to LC separation via HILIC column (ZIC-HILIC Column, Merck Millipore, Billerica, MA, USA). Mobile phase A was as above, and mobile phase B consisted of 40:60 acetonitrile with 10 mM ammonium bicarbonate. The mobile phase was run at 0.4 ml/min, and mobile phase A changed on a linear gradient from 100% to 0% over 6 min, and then returned to 100% and held for 2 min prior to injection of the next sample. Detection was achieved with a Shimazdu 8060 triple quadrupole MS/MS which quantified the five MTX-PGs commonly seen in RA patients, each of which had a limit of detection of <0.2 nmol/l packed RBCs. The total RBC MTX-PG concentration was determined by adding the concentration of each of the five MTX-PGs.
Plasma asymmetric dimethylarginine (ADMA), an endogenous inhibitor of nitric oxide (NO) synthase, 35 was measured using an Acquity UPLC (Waters, Sydney, Australia) coupled to a qToF Premier high-resolution mass spectrometer (Waters, Sydney, Australia). Briefly, 20 µl of sample plasma, calibrator or QC was mixed with 20 µl internal standard solution (containing 1 µM d6-ADMA) for 1 min at 400 rpm. Following the addition of 150 µl 0.1% formic acid in methanol, the sample was vortex mixed for 3 min at 2000 rpm to extract ADMA. Centrifugation at 18,000 × g for 5 min precipitated the proteins; 5 µL of the supernatant layer was injected onto an Atlantis HILIC column (2.1 × 150 mm, 3 µm; Waters, Sydney, Australia) for analysis. A gradient mobile phase consisting of (A) 0.1% v/v formic acid in acetonitrile and (B) 10% v/v acetonitrile, 0.1% v/v formic acid and 10 mM ammonium formate in water was used at a flow rate of 0.4 ml/min. The starting mobile phase was 95% A, 5% B, which was varied linearly over 16 min to 50% A, 50% B then returned to the initial conditions and equilibrated for 4 min prior to injection of the next sample. The qToF Premier mass spectrometer was run in positive ionization mode with data collected using a Waters proprietary MS E data acquisition method at low (CE = 3 V) and a highenergy ramp (CE = 8-14 V). Parent or selected fragment ions were used for detection and quantitation based on their monoisotopic mass.
Clinic peripheral blood pressure. Clinic peripheral systolic (SBP) and diastolic (DBP) BP were measured in the morning, in a quiet environment at room temperature, using the AND automatic BP monitor (model UA-767PC), clinically validated against the British Hypertension Society (BHS) protocols. 36 Prior to BP measurement, patients abstained from alcohol for ⩾12 hours, from tobacco and caffeine for ⩾4 hours, and fasted for ⩾6 hours. As per current guidelines, 37 participants were advised to sit and relax for at least 5 min before taking the first BP reading. BP was measured three times, with a 2-min interval between measurements. The average of the last two BP measurements was calculated and used in analyses.
Clinic central blood pressure and arterial wave reflection. Clinic central BP was measured noninvasively using Pulse Wave Analysis (PWA, SphygmoCor version 7.1; AtCor Medical, Sydney, Australia). 38 This method, clinically validated against invasive techniques such as aortic catheterization, 39 uses a tonometer to capture the radial pressure waveforms by flattening the radial artery without occluding it. Then, the radial pressure waveform is mathematically transformed into a central pressure waveform (ascending aortic) using a generalized transfer function, which provides central SBP and DBP values. 38 The augmentation index (AIx), a measure of the additional load to which the left ventricle is subject as a result of wave reflection, was calculated as the increment in pressure from the first shoulder in the ascending aortic pressure wave to the peak of this wave, expressed as a percentage of the peak ascending aortic pressure wave. 38 Twenty-four-hour peripheral and central blood pressure and arterial stiffness. Twenty-four-hour, day-time (between 08:00 a.m. and 12:00 a.m.), and night-time (between 12:00 a.m. and 08:00 a.m.) 40 peripheral and central BP and PWV, the gold-standard marker of arterial stiffness, 41 were measured non-invasively using an ambulatory oscillometric BP monitor (Mobil-O-Graph PWA monitor; IEM, Stolberg, Germany), clinically validated against the BHS and the European Society of Hypertension protocols. [42] [43] [44] [45] The central BP measured using the Mobil-O-Graph PWA monitor is similar to that measured using the Sphyg-moCor device. 46 The measurement is based on the ARCSolver method, which determines aortic BP and PWV using the oscillometric BP technique. 47, 48 This method is based on a generalized transfer function and three levels of mathematical algorithm. Two separate cycles are necessary to obtain data for the algorithms. In the first cycle, SBP and DBP are measured using a conventional oscillometric method. After the first BP reading, the second cycle begins, where the pulse wave is recorded using a pressure sensor. The sensor measures the strength of the pulse signal during the continuous deflation of the brachial BP cuff from the SBP to zero. Then, a transfer function modifies the frequency range of the obtained signal to generate the aortic pressure wave. Aortic PWV, considered similar to the carotid-femoral PWV, is calculated as the time between the first and second peak of the systolic pressure measured. 49 
Study endpoints, power sample size and statistical analysis
Clinic peripheral SBP was the primary study endpoint. Clinic peripheral DBP, central BP, AIx, ADMA, 24-hour peripheral and central BP and PWV were secondary endpoints. Based on previous reports of a 3 mmHg SBP difference between patients treated with MTX versus other DMARDs in observational studies, 22 the initial target sample size consisted of 400 patients in total, assuming a standard deviation of 14 mmHg and a correlation between repeat measures of r = 0.65. However, this was re-calculated after a preliminary analysis of the baseline BP data after approximately 30 patients showed larger differences in SBP. The revised sample size of 86 patients in total had more than 80% power (α = 0.05) to detect a difference of 7 mmHg in SBP between the MTX and non-MTX groups.
Clinical and demographic characteristics were tested for normality using the Kolmogorov-Smirnov test and then described using means ± SD or medians and interquartile ranges as appropriate. Categorical variables were described using frequencies and percentages. Between-group differences at baseline were assessed using a twoway ANOVA (for normally distributed variables) or Mann-Whitney U test (for non-normally distributed variables). For the repeated cross-sectional analysis, linear mixed models were used to evaluate the overall differences in BP, AIx, PWV and ADMA concentrations according to MTX exposure, as well as differences in the changes over time, which was assessed by including an MTX group X time interaction term in each model. Since eight patients changed treatment during the study, MTX exposure was included as a time-varying covariate. We also compared differences in the estimates obtained from within and between subjects for MTX effects on BP using the Hausman test. Unadjusted results are presented as well as adjusted results with adjustment for age, visit, gender and BMI (model 2) and additional adjustment for (model 3) treatment with folic acid, DAS28 and (for the 24-hour assessment of peripheral and central SBP and DBP and PWV) hour of measurement. Analyses were performed using Stata (version 14.1; StataCorp, Texas, USA). A two-sided p < 0.05 was used to indicate statistical significance.
Results
Clinical and demographic characteristics
Baseline characteristics of the MTX and the non-MTX groups are described in Table 1 . The groups were well matched for clinical and demographic characteristics, barring the prevalence of cardiovascular disease and depression, use of the biologic DMARD tocilizumab and DAS28, which were all higher in the non-MTX group. The prevalence of hypertension and other cardiovascular risk factors, treatment with drugs potentially affecting BP and arterial function such as antihypertensive medications, nonsteroidal anti-inflammatory drugs (NSAIDs) and corticosteroids, and their doses, and inflammatory markers (ESR and CRP concentration) were similar in the two groups. As expected, in view of the known anti-folate effects of MTX, 50 the use of folic acid supplements was more frequent in the MTX group. Both the use and the daily dose of NSAIDs and corticosteroids did not significantly change between the two assessment visits (data not shown).
Clinic peripheral and central BP, AIx and ADMA
Age-adjusted means (±SE) and the p-value for differences in BP, AIx and ADMA concentrations between the MTX and the non-MTX groups at baseline and follow up are described in Figure 1 and Table 2 , respectively. In the overall analysis, with full adjustment (Model 3), the MTX group had significantly lower clinic, but not 24-hour, peripheral and central SBP and DBP when compared to the non-MTX group. By contrast, there were no significant between-group differences in either AIx, PWV or plasma ADMA concentrations ( Figure 1 and Table 2 ).
When considering the patients switching treatment between the baseline and the 8-month assessments (n = 8), a comparison of the within-versus between-subject effect for MTX exposure on BP showed that the within-subject effects, albeit not significantly different to the between-subject effects using the Hausman test, were generally larger and beneficial for those on MTX treatment (data not shown).
Twenty-four-hour peripheral and central BP and PWV
Adjusted 24-hour, day-time and night-time overall means (95% CI) for peripheral and central SBP and DBP and PWV are described in Table  3 , and hourly means are shown in Figures 2-4 Table 3) .
MTX dose, MTX-PGs, folic acid use, BP and markers of arterial function
Within the MTX group alone there were no independent associations between the MTX weekly dose, MTX-PGs concentrations, and clinic or 24-hour peripheral and central SBP and DBP values, AIx, PWV and ADMA concentrations. Similarly, there were no independent associations between the use of folic acid and the outcomes of interest (data not shown).
Discussion
In a repeated cross-sectional study of RA patients, those who were treated with MTX demonstrated significantly lower clinic and 24-hour peripheral and central SBP and DBP and PWV, a marker of arterial stiffness, when compared to those who did not receive treatment with MTX. The association between MTX treatment and lower 24-hour BP and PWV values was driven by significant day-time, but not night-time, differences in these parameters. By contrast, there were no significant between-group differences in AIx, a marker of arterial wave reflection, and ADMA, a marker of endothelial function and cardiovascular risk. The lower BP with MTX may be related to differences in arterial stiffness (as measured by PWV), but not in AIx or ADMA concentrations. The significant differences in BP and PWV observed in our study are unlikely to be accounted for by differences in the concentrations of markers of inflammation, cardiovascular risk factors or treatment with other medications likely to affect BP and PWV -for example, antihypertensive drugs, NSAIDs and corticosteroids -as these parameters were similar between the two groups. Furthermore, the use of folic acid, which has been shown to reduce BP and improve endothelial function in other patient groups, [51] [52] [53] was not associated with BP parameters or markers of arterial function. In the MTX group, we did not observe an independent association between the dose of MTX nor the MTX-PGs concentrations and the BP and arterial outcomes of interest. The significantly higher prevalence of cardiovascular disease and depression, the higher DAS28 and the more frequent use of tocilizumab in the non-MTX group when compared to the MTX group might have affected the BP and PWV values in our study. The relationship between a positive history of cardiovascular disease, BP and PWV is controversial. This is primarily due to the lack of data from large epidemiological studies investigating BP and PWV in patients with versus patients without previous cardiovascular events, matched for other clinical, demographic, biochemical and pharmacological characteristics. Theoretically, a history of cardiovascular disease would suggest the presence of more severe and/or advanced atherosclerotic disease, with a consequent increase in PWV and, possibly, BP. 54 However, patients with previous cardiovascular events might also undertake salutary lifestyle changes, e.g. low-salt and low-fat diet, and physical exercise, and receive several vasoactive medications with BP-and PWV-lowering effects. 55 A positive association between the presence of depressive disorders and higher PWV and BP has been reported in epidemiological studies, particularly in the older population. 56, 57 This might be explained by the increased sympathetic activity, and related neuro-hormonal changes, observed in patients with depression. 58 Furthermore, measures of increased disease activity in RA, including the DAS28, have shown positive associations with arterial stiffness. 59 By contrast, the treatment with the biological DMARD tocilizumab has been recently reported to significantly reduce PWV and BP in RA patients. Notably, treatment with either rituximab or abatacept was not associated with significant changes in these parameters. 60 The more frequent use of tocilizumab in the non-MTX group in our study might have led to lower, not higher, BP and PWV values when compared with the MTX group.
Meta-analyses have shown that MTX treatment is associated with a lower risk of cardiovascular events in patients with chronic inflammatory states, including RA. For example, Micha and colleagues reported that MTX treatment was associated with a reduced risk of total cardiovascular disease events (RR 0.79, 95% CI 0.73-0.87, p < 0.001) and myocardial infarction (RR 0.82, 95% CI 0.71-0.96, p < 0.01) when compared with other DMARDs. 17 Although no mechanism has been identified to explain the distinct protective cardiovascular effects of MTX versus other DMARDs, observational studies have reported a possible effect on BP, a major cardiovascular risk factor both in RA patients and in the general population. 11, 14 Rho and colleagues assessed cardiovascular risk factors in RA patients treated with either MTX (n = 120) or other DMARDs (n = 49). 23 MTX treatment was associated with a trend towards a lower SBP (131.6 ± 21.0 versus 137.5 ± 18 mmHg, p = 0.09) and a significantly lower DBP (73.7 ± 11.1 versus 77.9 ± 9.5 mmHg, p = 0.02) versus treatment with other DMARDs. However, the BP differences were no longer significant after adjusting for age, sex, ethnicity, DAS28, history of hypertension and diabetes, smoking status and use of statins. 23 Cuchacovich and colleagues investigated associations between specific DMARDs, BP, lipid profile and insulin resistance in RA patients without history of hypertension, diabetes and dyslipidaemia. 22 When compared to treatment-naïve RA patients, MTX treatment was associated with lower SBP (120.1 ± 15.5 versus 123.6 ± 12.2 mmHg) and DBP (75.6 ± 10.5 versus 81.6 ± 11.3 mmHg) values, although no formal statistical analysis was performed. 22 Furthermore, van Halm and colleagues observed a relatively lower prevalence of hypertension in RA patients treated with MTX (12%) when compared to sulfasalazine (26%), hydroxychloroquine (17%), or to patients never treated with any of these agents (24%). 20 However, no information was provided in these studies regarding the methods and protocols used to assess BP. The latter can significantly affect BP measurement. 37 Furthermore, no assessment of central BP, 24-hour BP or markers of arterial function was performed. Notably, the assessment of central and 24-hour BP is significantly superior to clinic peripheral BP in predicting cardiovascular events, with important clinical implications. 61, 62 A number of mechanisms might account for the differences in clinic and 24-hour peripheral and central BP and PWV between the MTX and the non-MTX group observed in our study. MTX-PGs, the intracellular form of MTX, are known to inhibit the enzyme aminoimidazole carboxamide ribonucleotide (AICAR) transformylase (ATIC). 63 The consequent accumulation of the substrate AICAR, and its metabolites, inhibits adenosine deaminase and adenosine monophosphate deaminase. 64 By reducing the catabolism of adenosine and adenine nucleotides, adenosine concentrations increase both directly and indirectly from AMP dephosphorylation. There is good evidence that adenosine reduces BP through direct vasodilation, increased NO synthesis or central mechanisms. 65 Furthermore, the pharmacological inhibition of adenosine receptors causes an increase in BP, AIx and PWV, supporting the key role of adenosine in modulating BP and arterial function. 66 Another possible mechanism mediating the effects of MTX on BP is related to the chemical similarities (pteridine nucleus) between MTX, folic acid, and the eNOS co-factor tetrahydrobiopterin (BH 4 ). The active form of folic acid, 5-methyltetrahydrofolate (5-MTHF), has been shown to restore eNOS-mediated NO synthesis and endothelial function in conditions, such as RA, characterized by increased oxidative stress and inflammation, leading to reduced intracellular availability of BH 4 . 67,68 Studies using molecular computer modelling have also shown that 5-MTHF binds the active site of eNOS, mimicking the orientation and interactions of BH 4 with the enzyme. 67 Whether MTX exerts similar effects on eNOS activity remains to be established, however. The consequent increase in NO synthesis would translate into a reduction in BP and PWV. 69 No significant between-group differences in AIx or plasma ADMA concentrations were observed in our study. The main determinants of AIx in physiological and pathophysiological states, albeit not fully identified, include both cardiac factors (e.g. cardiac contractility and flow) and the arterial vasculature (e.g. regional compliance and wave reflection). 70 It is therefore possible that specific factors influencing the AIx might have counterbalanced the MTX-mediated effects of BP on this parameter. The trend towards reduced ADMA concentrations in patients treated with MTX might be secondary to an increased activity of dimethylarginine dimethylaminohydrolase (DDAH), the enzyme involved in the metabolism of ADMA to citrulline and dimethylamine. 71 DDAH activity is inversely associated with the production of reactive oxygen species. 71, 72 Although MTX has been associated with increased oxidative stress, 73 studies have also reported a protective effect of this drug towards interleukin-6-mediated generation of reactive oxygen species in RA patients. 74 Further experimental studies are warranted to test the hypothesis that MTXmediated reduction in reactive oxygen species synthesis leads to increased DDAH activity and, consequently, reduced ADMA concentrations.
Pending further confirmation of our findings in randomized controlled studies, the observed clinic and 24-hour peripheral and central differences in SBP and DBP between the MTX and the non-MTX group are likely to be clinically significant, in terms of cardiovascular risk reduction, even if the average baseline BP in our study was within the 'normotensive' range (<140/90 mmHg). A recent systematic review and metaanalysis has shown that a similar reduction, 6-7 mmHg, in clinic peripheral SBP in patients with mild, grade 1, hypertension and low-to-moderate cardiovascular risk was associated with a significant reduction in stroke (RR 0.58, 95% CI 0.34-0.99), coronary heart disease (RR 0.75, 95% CI 0.58-0.96) and all-cause mortality (RR 0.67, 95% CI 0.51-0.87). 75 The observed differences in central BP are also likely to be clinically significant. For example, in a large randomized controlled trial a reduction in central SBP of 4.3 mmHg was associated with a significant reduction in adverse cardiovascular outcomes. 76 The observed differences in PWV values between the MTX and the non-MTX group might also be clinically significant. A recent systematic review and meta-analysis reported that a reduction in PWV by 1 m/s would translate into a 15% reduction in age-, sex-, and risk factor-adjusted risk of cardiovascular and all-cause mortality. 7, 8 Therefore, the smaller difference in PWV observed in our study (~0.2 m/s) might still correspond to a 3% reduction in cardiovascular risk.
Strengths of our study include the recruitment of a single cohort of RA patients treated with either MTX or other DMARDs, well matched for clinical, demographic, biochemical and pharmacological characteristics. In particular, key factors potentially affecting the outcomes of interest, such as prevalence of cardiovascular risk factors, inflammatory markers and treatment with other drugs such as antihypertensive agents, NSAIDs and corticosteroids, were similar between the two groups. The measurement of clinic and 24-hour peripheral and central BP, and markers of endothelial function, arterial wave reflection and arterial stiffness allowed a comprehensive assessment of established parameters with a significant clinical application. Furthermore, the repeated cross-sectional assessment provided additional power to confirm, or refute, the presence of statistically significant differences between the two groups.
The limitations of our study include its cross-sectional nature in regards to MTX exposure since differences in BP may already have been present at baseline when we defined MTX exposure and we can therefore not infer causality. However, the differences remained similar across time, and there were also further significant falls in BP and PWV at 8 months. There is also the possibility that other, unknown or unmeasured, confounders as well as the previously discussed differences in the prevalence of cardiovascular disease and depression, and DAS28, might have explained the observed differences in BP between the MTX and the non-MTX groups.
In conclusion, our study provides the first evidence of an association between MTX treatment and lower clinic and 24-hour peripheral and central SBP and DBP values and PWV values in RA patients. The lower PWV in patients treated with MTX might be responsible for the lower BP observed in this group. Further randomized controlled studies are warranted to confirm these findings, to identify the mechanisms responsible for the effects of MTX on BP, and to establish whether these effects account for the reduced cardiovascular risk reported with MTX treatment.
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